I
nfection and sepsis are important concerns in critically ill patients admitted to the intensive care unit (ICU). Critical priorities for improving survival in these patients include prompt recognition of the infectious focus and identifying the responsible microorganism (1, 2) . Further, the risk of infection increases with time spent in the ICU, regardless of the admitting diagnosis. Determining the origin and cause of a septic process is the most important responsibility of the managing medical team because treatment is often quite protocolized once a specific syndrome and microorganism are identified. In most ICUs, the diagnostic capabilities available at the bedside are typically limited in their scope and accuracy when faced with the myriad of possible causes of sepsis. Reliance on sophisticated and expensive diagnostic modes such as computerized tomography for relatively simple sources of infection, such as maxillary sinusitis, demonstrates a critical need for improved diagnostic bedside tools.
A liberal whole-body ultrasound interrogation of the critically ill has been demonstrated to yield therapeutic changes in 22% of the cases (3) . Among these unexpected changes, a majority (70%) comprised recognition of infectious sites. Although ultrasound technology has dramatically progressed in recent years, the capability of general ultrasound to perform the examinations described has essentially not changed since 1982. In the interim, ultrasound was generally considered a radiologic tool, and its potential for bedside examination of critically ill patients was barely developed. However, through the dedicated work of interested clinicians, ultrasound has, little by little, been moved to the bedside of the critically ill and is increasingly recognized as a critical tool integral to management and prognosis. Although unproven, an early visual and digital confirmation of the septic source would presumably improve prognosis. Among the countless applications, the potential to both visualize and immediately perform on-site interventional procedures on infectious sites is the most appealing. This would increase the likelihood of the earliest administration of tailored, rather broadspectrum, antimicrobial therapy.
Practical Aspects of Ultrasound Devices
Most ideas about the apparatus were expressed in this issue's article, "Ultrasound in the management of thoracic disease." To perform an ultrasound screen for infectious sources requires a minimal spatial resolution of the image, mandating an adequate ultrasound device as a basic requirement. To accomplish this, however, requires quite simple technology, as a simple visual approach requires only black-and-white technology. For these purposes, Doppler is not of major importance. Ultrasmall ultrasound units are also not necessary, as this does not necessarily provide a decisive advantage in the ICU, and the frequent use of a cart invalidates the advantage (if there is one) of miniaturization. In experienced hands, a 5-MHz microconvex short probe facilitates a whole-body approach for diagnostic and interventional procedures in the critically ill adult (see Fig. 1 in "Ultrasound in the Management of Thoracic Disease" in this supplement). It is interesting to note that this kind of probe seems nearly unknown in the field of critical care ultrasound. Increasing numbers of ICUs are equipped with ultrasound devices with imaging quality that appears inferior to that of our reference unit (Figs. 1-10 ).
Infection control at the level of a particular hospital or ICU is also critical, with faulty procedures or techniques having the potential to endanger many other patients than the index patient. Cleanliness of the ultrasound device is thus crucial to avoid it becoming a fomite. Unfortunately, personal observation reveals errors in sterile procedure (or no procedure at all), resulting in cross-infection. Prevention does not seem to be complicated. Cables should not be dragged on the floor. Keyboards equipped with multiple buttons (i.e., nearly all the modern units) should be avoided, as an efficient cleaning is not possible. The probe should be cleaned between patients, and probes should be easy to clean. The disinfectant, however, should not damage the probe over time. We have previously proposed a simple but efficient protocol for ultrasound use and disinfection between two examinations (4) . Simplicity is a key point for sustainability in this procedure. Procedures taking Ͼ1 min are destined not to be followed.
Pulmonary and Pleural Sepsis
The lungs and pleural spaces constitute the most familiar sites of infection in the critically ill (5) . Ironically, these are the very sites that have been supposed to be impervious and thus not amenable to examination by ultrasound. Apart from the diagnosis of pleural effusion, the lung was traditionally considered unsuitable to ultrasound (6) . Studies have proven, however, that this dogma needs to be revisited. By mastering the diagnosis of pleural effusion, alveolar consolidation, interstitial syndrome, or pneumothorax, countless other applications may become apparent (7) .
Pleural Effusion. The search for pleural effusion is a classic application of ultrasound (8) (Fig. 1) . Pleural effusion is an extremely frequent finding at admission of patients with acute respiratory failure (9) . However, it is rarely recognized on the bedside chest radiograph alone (10) .
Further, bedside ultrasound has proved superior to radiography for this condition (11) . Too often when an effusion is recognized (even using ultrasound), the physician hesitates before attempting a thoracentesis in a dyspneic or ventilated patient. Using computerized tomography as the gold standard, bedside ultrasound has demonstrated a sensitivity of 93%, compared with 39% for radiography (11) . A method of investigation of pleural effusions that is well adapted to the critically ill can be found elsewhere in this supplement. By using the withdrawal of pleural fluid as a more stringent gold standard, the diagnosis of pleural effusion may reach 97% specificity (12) . Performing routine and early ultrasound and thoracentesis in septic patients is uncommonly done and not yet routine (13) .
Although few studies have evaluated pleural fluid analysis of bacteriology in the critical care unit, the isolation of an organism in pleural fluid has profound implications for patient management. Typically, patients with clinical suspicion of a serious infection frequently receive broad-spectrum antibiotics, based on blood samples, bronchoscopic samples, or entirely on speculation. Personal data show an approximate rate of bacteriologically positive pleural fluid analysis of 15% in consecutive patients having all received antibiotics. If one considers patients assessed before any antibiotic administration, routine ultrasound-guided diagnostic tap should identify a microorganism with an extremely high frequency. Of note, the author's criteria for ensuring safe ultrasound-guided thoracentesis is further detailed elsewhere in this supplement.
Alveolar Consolidation. Pneumonia, acquired either as a cause of critical illness or associated with intubation and ventilation (ventilator-acquired pneumonia [VAP]), is a frequent and serious problem. Procedures commonly used in the ICU such as culture of tracheal aspirates or bronchoscopic-sampling are fraught with the issues of false-positive and falsenegative diagnoses in addition to the risks of pneumothorax. Another approach is to use ultrasound to infer the presence of pneumonia by identifying pulmonary consolidation in the appropriate clinical setting. Ultrasound is actually better than bedside supine radiography for detecting consolidation, demonstrating an accuracy of 97% vs. 75% (11) . Such a diagnosis of pneumonia is possible in a majority of cases using ultrasound, as 98.5% of cases abut the lung surface (14) . Semiotics are specified elsewhere in this supplement.
Simply detecting a consolidation, however, is not sufficient evidence to diagnose pneumonia. Hydric surcharge, cardiogenic pulmonary edema, or pulmonary embolism can all give the same pattern. Combining an interventional diagnostic approach with simple imaging provides a practical solution. Microbes are usually abundant within an infectious pneumonia. Although direct transcutaneous aspiration for microbiological data is sometimes performed under fluoroscopy (15), we believe that ultrasound-directed aspiration will fill this clinical need. Provided precise criteria and contraindications are respected, we think a transcutaneous tap will often safely withdraw a pure culture of the responsible organism (Fig. 2) .
Lung Abscess. Using bedside ultrasound to detect lung abscesses has been well described (16) . They appear as a round hypoechoic mass within an alveolar consolidation. In our experience, although the sensitivity of ultrasound is limited, the specificity is extremely high, potentially being superior to that of computerized tomography (17) . Inserting a fine needle under ultrasound guidance will confirm the diagnosis. We believe that in interventions involving small abscesses (Ͻ2 cm), a three-hand technique involving two operators is safer.
Venous System: Thromboembolism and Thrombophlebitis
Accurate examination of the venous system is a fundamental goal in the care of the critically ill for three reasons. First, venous thrombosis and subsequent pulmonary embolism are, unfortunately, frequent occurrences in the ICU (18) . Second, a rapid and safe access to central veins is an obviously beneficial procedure. Finally, septic venous thrombosis must always be considered in critical care patients with prolonged ICU admissions and infectious signs.
Any venous tissue, when damaged by any external agent, especially a large needle, responds by sealing the mural tear. Often, the physiologic aim is exceeded, and the resulting hemostatic reaction poses a risk to the patient. We believe that this kind of induced thrombosis differs from the endogenous thromboses occurring at the lower extremity without external endothelial trauma (although these can also a source of fever). It can be assumed that such thromboses are superinfected with the cutaneous flora from the site of puncture. In the critically ill patient, microorganisms are likely abundant after several days of immobility, especially at the internal jugular and femoral areas. Difficulties with bathing and fluid secretions from the orifices and mucus cavities are additional factors promoting superinfection of the site and dressing. Thus, we favor the subclavian site, assuming it to be the cleanest, as a potential strategy to provide safe longterm vascular access without infection. Provided ultrasound (especially the described unit) is present in the ICU, we advocate for liberal use of the subclavian approach, which seems to be extremely safe (19) .
We also believe that if the small emboli that frequently arise from venous thromboses are supposedly infected, this might account for many infected cases otherwise attributed to VAP. As the risk of thrombosis is likely a function of the number of attempts, more efficient vascular access might lead to fewer thromboses, with less chance of clot superinfection. At the subclavian area, we Figure 7 . Cardiac gallbladder and acute acalculous cholecystitis. Two gallbladders in acutely ill patients. Left, extremely enlarged wall (arrows). This patient had severe acute respiratory distress syndrome and only edematous gallbladder wall on pathology. Example of cardiac gallbladder. Right, slightly enlarged wall (arrows) in a patient who previously underwent an operation for major vascular surgery and is displaying infectious shock. Acute acalculous cholecystitis confirmed on pathology. Note that both images display peritoneal effusions, increased volume of the gallbladder, and intravesicular sludge, all nonspecific patterns. 
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observe a low rate of thromboses secondary to venous catheterization. When complications do arise, an infected venous thrombosis can yield suggestive patterns, such as thickening of the vein walls. Recent thrombi are usually deformable. However, we suggest not to use vigorous compression maneuvers in such patterns: real-time observation is usually sufficient. If multiple gas-forming bacteria are present, they may produce a distinctive, markedly echoic pattern (Fig.  3) . Another example of a simple percutaneous diagnostic intervention that is not yet well documented is the insertion of a needle for bacteriologic purpose under sonographic guidance into a thrombosed vein.
A comprehensive search is necessary not to miss sites of thromboembolism. Iliac sites should be meticulously scanned, especially when femoral catheters have been inserted. This is easier in thin patients than in others. The free hand of the operator can often help in providing an adequate window, by physically compressing and driving gas collections away. Here again, the choice of a microconvex probe will be key for success in this maneuver. A free-floating thrombosis is often found at the iliac or internal jugular areas (Fig. 4) .
When a patient has prolonged and unexplained fever, an extension of the ultrasound examination at the arms level will on occasion show distal upper extremity thromboses.
Head and Face
The bony skull that surrounds the brain and facial bones has been considered generally impenetrable by ultrasound. These structures are yet another demonstration of the clinical utility of ultrasound that was until recently not considered practical, similar to the novel uses of lung ultrasound presented elsewhere. These capabilities depend greatly on the understanding of the behavior of ultrasound artifacts.
Maxillary sinusitis plays an important role in nosocomial lung infections (20) , which provides the rationale for pursuing this diagnosis at the bedside. When the anterior wall of the maxillary sinus is imaged, horizontal lines arise from the anterior wall of the maxillary sinus. This means that the artifact is not bony (it would yield a frank posterior shadow) but air-filled like pneumothorax or pneumoperitoneum. Conversely, when the sinus is completely opacified by any fluid (whether pathologic or physiologic), ultrasound waves can cross the entire sinus volume, producing a "sinusogram" (Fig.  5) . The sinusogram is complete when the three walls are depicted. For the diagnosis of total opacity of the maxillary sinus, sensitivity and specificity of a complete sinusogram are 100% (21) . It should be understood that an air-fluid level will not be recognized if the head is supine and that substantial mucosal thickening can give an incomplete sinusogram.
For the diagnosis of an air-fluid level, simple postural maneuvers are sufficient, provided a thick liquid has time to move from the posterior to the anterior wall. Subsequent studies have confirmed this approach (22) .
The diagnosis of bacterial meningitis has not been regularly addressed with ultrasound. Despite this, cerebrospinal fluid can be analyzed using simple ultrasound and a simple method (Fig. 6 ). Cerebrospinal fluid surrounds the optic nerve. Observation suggests that severe meningitis is accompanied by intracranial hypertension. Reducing intracranial pressure may increase survival among patients with bacterial meningitis (23) . It can be hypothesized that a very mild increase of intracranial pressure will result in peripheral redistribution of the cerebrospinal fluid, including minute quantities around the optic nerve. This is expected to result in enlargement of the apparent caliper of the optic nerve, as described in 1992 (24) . To perform this examination, the probe is applied through the eyelid using a "zero-pressure" technique (i.e., as if using a fountain pen). Care should be taken to scan in an axial direction to avoid confusion with an ocular muscle. In our observations, a value of 4.5 mm discriminates between the diagnosis of intracranial hypertension and normal with a 83% sensitivity and a 84% specificity (25) . Other studies find, with a 5-mm threshold, a sensitivity of 100% and a specificity of 95% (26) . A transabdominal approach is also possible for assessing the echogenicity of the cerebrospinal fluid through the intervertebral disks (24) . Given the severity of the underlying condition, ultrasound should play a minor role in the diagnosis of meningitis. This diagnosis remains clinical. The dogma specifying spinal tap if any clinical doubt remains should not yet be revised. , an equivalent of the stratosphere sign indicating complete absence of gut sliding. Note that this sign, rarely featured in textbooks, is one of the most simple signs that can be described in the ultrasound domain. As opposed to what is often believed, gas is not always a hindrance in an abdominal ultrasound examination. 
Abdominal Infections
Abdominal sepsis is such a wide domain that only a brief overview will be presented.
Gallbladder. Acute acalculous cholecystitis is a classic concern prompting ultrasound in the ICU. It should be remembered that acute acalculous cholecystitis is typically an ischemic rather than infectious disorder. Any abdominal pain in a critically ill patient, or even unexplained fever or hemodynamic instability, warrants consideration of this diagnosis. Criteria for the diagnosis include a thickened wall (Ͼ4 mm) (27) , enlarged gallbladder, sludge, and perivesicular fluid.
Although such ultrasound patterns are extremely frequent in critically ill patients in the ICU, the authors actually believe that acalculous acute cholecystitis is extremely rare in the medical ICU. In contrast, when considering the most severe surgical patients (polytrauma, major vascular surgery), personal observations show that acute acalculous cholecystitis seems more frequent by Ն20 times. Nonetheless, this often does not warrant formal cholecystectomy in many of these cases (4). In fact, anomalies of gallbladder in the ICU are extremely frequent, a finding supported by other teams (28) . Simple observation will quickly allow any ICU team to see that most of the time, this surgery does not eventually solve the initial problem, as the patient's status is rarely improved after cholecystectomy. One must look for the final diagnosis, usually available on pathology (i.e., 7 days later).
The ultrasound data alone do not seem solid enough to confidently direct either surgical intervention or simple observation, given the consequences of a missed diagnosis. Ultrasound-guided bile aspiration is not a risky procedure when basic rules are respected, although we lack distance to say whether this procedure is contributive or not. The injection of active agents such as cholecystokinin is not recommended or necessary, as it is very painful and not devoid of risk (29) .
A striking feature in the ICU, although paradoxically not worrisome, is the detection of extremely enlarged gallbladder walls, ranging from 8 to 20 mm. Such patients usually have acute respiratory distress syndrome, severe asthma, or severe exacerbations of chronic obstructive pulmonary disease (i.e., acute right heart failure) as a common denominator. Surgical pathology is almost always negative, revealing nonspecific edema only. We have thus proposed the name of "cardiac gallbladder" to distinguish this entity (Fig. 7) . Further, we suggest the following management in the medical ICU setting. When such a patient has an ultrasound that detects a gallbladder wall of Ն7 mm, the concern is almost always from another origin (4) . Cholecystectomy may be performed, but observation will show that the infection was in another site.
Peritonitis. Although the detection of fluid is likely the most basic application of ultrasound, it remains very helpful in the case of peritonitis (Fig. 8) . Fluid is recognized more by the limits of its shape and dynamic behavior than by a supposedly anechoic pattern. To absolutely confirm the situation, most perceived fluid collections can be aspirated in most intraperitoneal locations, including the previously "forbidden areas" such as the right iliac fossa or intercostal space. These procedures are regularly performed in our ICU. Although an epigastric arterial injury can lead to severe complications, these vessels are easy to locate if the puncture must be done near to them. In the case of peritonitis with gastrointestinal tract perforation, the detection of free gas yields the basic features of horizontal reverberation artifacts known as "A-like" lines and abolished "gut sliding," where the viscera are no longer seen to slide against the parietal peritoneum (Fig. 9 ). Using these criteria, the demonstrated sensitivity of ultrasound is 100% and specificity 92% for detecting free pneumoperitoneum (30) . Further, with gastrointestinal perforation, peritoneal liquid is often detected, in which case a peritoneal tap will give additional evidence.
Gastrointestinal Tract. The gastrointestinal tract is subject to a large number of pathologic conditions that lend themselves to an ultrasound diagnosis. Infectious complications can come from a pseudomembranous colitis, which demonstrates a characteristic thickened bowel wall on ultrasound (Fig. 10) . Another common cause of intraabdominal infection and multiple organ dysfunction is secondary to bacterial translocation in the course of a prolonged low cardiac output. A relationship has been demonstrated between low or interrupted mesenteric circulation and the ultrasound abolition of peristalsis (31) . We currently assess for additional suggestive ultrasound patterns such as portal venous gas and superior mesenteric vein thrombosis, as these are usually accessible for ultrasound study.
Other Organs. There are many different signs that may be associated with a large number of intraabdominal infective conditions. The detection of hepatic or splenic abscesses can avoid delays in the diagnosis. Deep abscesses, such as at the Douglas pouch, can be sought, even using perineal windows (4). The uterus is sometimes the source of unexplained fever (interrupted pregnancy, placenta retention, or other).
Pancreatic necrosis yields pseudocysts, noninfected collections surrounded by infected collections (32) . Provided the area of puncture is safe (i.e., without gastrointestinal tract interposition and avoiding the possible pseudoaneurysms of arterial origin), a tap will inform on the nature of the fluid. As it is important to visualize all collections because sterile collections can coexist with infected ones, the computerized tomographic scan is often more appropriately indicated.
Soft Tissues
In fragile critically ill patients, the soft tissue is sometimes a site for infection, which can then initiate septic shock. The joints are often affected. Ultrasound can be an elegant way to confirm a clinical suspicion by showing subcutaneous collections or effusions at joint areas, which will be punctured.
Miscellaneous
As there are countless sites in the human body that can be affected, ultrasound may be utilized to extend the search. It is frequently important to search for infection on the cardiac valves. An initial transthoracic approach should be the first-line test, as it is noninvasive. Frequently, the valves will be well seen. An experienced user will be able to confirm a normal or diseased valve in these cases. Transesophageal echocardiography should be liberally performed for the other cases and when no other site of sepsis has been identified using wholebody ultrasound.
Mediastinitis can be secondary to cardiac surgery or primary (after occult esophageal rupture, for instance). The microconvex probe we use can easily be inserted at the suprasternal window or in the parasternal areas. Provided the mediastinitis extends laterally to the sternum, there will be a window. As usual, this approach should be favored if it allows immediate, bedside diagnosis. This examination will also re-quire an experienced operator; otherwise, a computerized tomographic scan will be more efficient. Fluid collections associated with mediastinitis can be aspirated using visual guidance, provided the internal mammary vessels are avoided. As a technical note, these vessels are easy to detect using our microconvex 5-MHz probe and usually impossible to detect using the current phased-array cardiac probes. Infectious pericarditis is not common in our practice, but it can be diagnosed immediately by using ultrasound. For further discussion, refer to the articles dealing with ultrasound recognition of pericardial fluid.
Conclusions
For the whole-body ultrasound evaluation for infection, all these applications can be performed promptly at the bedside, using simple equipment and without irradiation. Visualization of the foci often enables early ultrasound-guided aspiration, facilitating earlier confirmation of the diagnosis and guiding specific pharmacotherapy. These procedures are made safer using the real-time visual control that ultrasound provides. As seen, the whole body may be approached using the diagnostic and interventional capabilities of ultrasound. Those who foresaw, far before the advent of realtime, a potential role of ultrasound to better understand complex patients would have appreciated seeing their clear-sightedness realized (33) .
We will conclude with a self-speaking anecdote. A close colleague recently spoke to us about fever of unknown origin (FUO). The acronym FUO was, so to speak, unknown in our medical vocabulary. In our experience, the ultrasound search for a source of fever in a long-staying ICU patient is so often positive that the problem of a fever of really unknown origin is reserved for the few cases in which no occult pneumonia, no venous thrombosis, and no maxillary sinusitis has been detected. This is why an acronym such as FUSO, for fever of unknown sonographic origin, a term that reflects a certain concept of the use of ultrasound in this setting, could be proposed.
